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FOREWORD

This research was conducted for the Directorate of Military Programs, Headquarters, U.S. Army
Corps of Eng:-neers (HQUSACE) and the Office of the Assistant Chief of Engineers under various
research, development, testing, and evaluation (RDTE) and reimbursable funding documents. Work began
under RDTE in 1980 and continued in reimbursable projects during 1984 through 1989. The technical
monitor for the RDTE part was Dr. Larry Schindler (CEMP-EC) and for the reimbursable part was Ms.
Val Corbridge (DAEN-ZCF-R).

The work was performed by the Facility Systems Division (FS), U.S. Army Construction
Engineering Research Laboratory (USACERL). The Principal Investigators were Dr. Edgar Neely and
Mr. Robert Neathammer (USACERL-FS). The primary contractor for much of the data development was
the Department of Architectural Engineering, Pennsylvania State University. Dr. Michael O'Connor is
Chief of USACERL-FS.

COL Everett R. Thomas is Commander and Director of USACERL, and Dr. L.R. Shaffer is
Technical Director.
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BUILDING MAINTENANCE AND REPAIR DATA FOR LIFE-CYCLE
COST ANALYSES: ELECTRICAL SYSTEMS

1 INTRODUCTION

Background

Maintenance* and repair (M&R) cost estimates are needed during pidnning, design, and
operations/maintenance of Army facilities. During planning, life-cycle costs are needed to evaluate
alternative ways of meeting requirements (e.g., lease, new construction, rcnovate existing facilities).
During design, M&R requirements for various types of components, such as built-up or shingle roofs, are
needed so that the total life-cycle cost of different designs can be minimized. Finally, once the facility
has been constructed, outyear predictions of maintenance and repair costs are needed so that enough funds
can be programmed to ensure that Army facilities are maintained properly and do not deteriorate due to
lack of maintenance.

The Directorate of Engineering and Construction (EC), Headquarters, U.S. Army Corps of Engineers
(HQUSACE),** asked the U.S. Army Construction Engineering Research Laboratory (USACERL) to
coordinate the assembly of a single centralized maintenance and repair data base for use by Corps
designers. This research was required because designers were not able to obtain reliable maintenance and
repair data to support their life-cycle cost (LCC) analysis from installations or from the technical literature.
One of the first tasks in the research effort was to determine if reliable data bases, which could be adapted
for Corps use, existed in government or private industry. Comprehensive data bases of maintenance costs
for government and private sector facilities did not exist. The little data available always depended on
widely varying standards of maintenance used to maintain the facilities for which the data was collected
and thus was unreliable for prediction purposes. Recognizing this, HQUSACE asked USACERL to
develop a maintenance and repair cost data base. This data is for use by U.S. Army Corps of Engineers
(USACE) designers in performing life-cycle cost analyses during the design of new facilities. initial
results were presented in several USACERL reports.'

Soon after this request, the Facilities Programming and Budgeting Branch of the Facilities
Engineering Directorate asked USACERL to develop prediction models for outyear maintenance
requirements of the Army facility inventory. The Programming Office of EC, responsible for Military
Construction, Army (MCA) planning, also requested that USACERL provide methods and automated tools
to help installations perform economic analyses. Part of the objective was to allow analysts to obtain
future maintenance cost data.

Maintenance in this report means all work required to keep a facility in good operating condition; it includes all maintenance,
repair, and replacement of compon.-nts required over the life of a facility.

"At the time of this request, EC was part of the Office of the Chief of Engineers, which has since reorganized. In addition, EC
has now become the Directorate of Military Programs.

1 R.D. Neaharnmer. Life-Cycle Cost Database Design and Sample Cost Data Development, Interim Report P-1 20/ADA0997222
(U.S. Army Construction Engineering Research Laboratory [USACERL, February 1981); R.D. Neathammer, Life-Cycle Cost
Database: Vol 1, Design, and Vol II, Sample Data Development, Technical Report P-139/ADA126644 and ADA126645
(USACERL, January 1983), Appendices E through G.
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In response to these requests, USACERL began a multiyear effort to develop a comprehensive
maintenance and repair cost research program for buildings. This coordinated program is the key to all
detailed estimation of future maintenance costs for Army facilities.

Research Performed and Reports Published

This is one of several interrelated reports addressing maintenance resource prediction in the facility
life-cycle process. The total research effort is described in a USACERL Technical Report.

The first research product was a data base containing maintenance tasks related to every building
construction component. This data base provides labor, material, and equipment resource information.
The frequency of task occurrence is also included. This information is published in a series of four
USACERL Special Reports by engine~ering systems: (1) architectural, (2) heating, ventilating, and air-
conditioning (HVAC), (3) plumbing, and (4) electrical. The title for the series is Maintenance Task Data
Base for Buildings3 Table 1 shows an example from this data base. This data is also available in
electronic form. The data base is used in a personal computer (PC) system under the Disk Operating
System (DOS). This computer program allows a facility to be defined by entering the components and
component quantities comprising the facility. The tasks are used to determine the resources required
annually to keep the facility maintained.

The second research product was a component resource summary for the first 25 years of a facility.
The tasks for the component were scheduled and combined into one set of annual resource requirements.
This annual resource information is published in a series of four USACERL Special Reports titled
Building Component Maintenance and Repair Data Base.4 An example from this data base is shown in
Table 2. The data base is also available in electronic form. This data can be used to perform special
economic analyses such as one for a 20-year life using a 10 percent discount rate.

The third research product was a set of 25-year present worth factor tables for use by designers in
selecting components for discount rates of 7 and 10 percent. The annual component resource values were
multiplied by the appropriate present worth factor and added for the 25 years to produce one set ot
resource values. This information is published in a series of four USACERL Special Reports- titled

2 E.S. Neely. R.D. Neatharmmer, J.R. Stirn. and R.P. Winkler, Maintenance Resource Prediction in the Facility Life-Cycle

Process, Technical Report P-91/10 (USACERL, March 1991).
E.S. Neely, R.D. Neathammer, J.R. Stim, and R.P. Winkler, Maintenance Task Data Base for Buildings: Heating, Ventilation,
and Air-Conditioning Systems, Special Report P-91/21 (USACERL, May 1991); E.S. Neely, R.D. Neatharnmer, J.R. Stim, and
R.P. Winkler, Maintenance Task Data Base for Buildings: Plumbing Systems, Special Report P-91/18 (USACERL, May 19" 1);
E.S. Neely. R.D. Neathanmner, J.R. Stin, and R.P. Winkler, Maintenance Task Data Base for Buildings: Electrical Systems,
Special Report P-91/25 (USACERL, May 1991), and E.S. Neely, R.D. Neathanmmer, J.R. Stirn, and R.P. Winkler, Maintenance
Task Data Base for Buildings: Architecutral Systems, Special Report P-91/23 (USACERL, May 1991).
E.S. Neely, R.D. Neathammer, J.R. Stirm and R.P. Winder, Building Component Mainten ince and Repair Data Base for
Buildings: Architectural Systems, Special Report P-91/27 (USACERL, May 1991); E. S. Neei v, R. D. Neati',mmer, J.R. Stim,
and R.P. Winkler, Building Component Maintenance and Repair Data Base for Buildings: Heating, Ventilation, and Air-
Conditioning Systems, Special Report P-91/22 (USACERL, May 1991); E.S. Neely, R.D. Neathammer, J.R. Stirn. and R.P.
Winkler, Building Component Maintenance and Repair Data Basefor Buildings: Plumbing Systems, Special Report P-91/30
(USACERL, May 1991); E.S. Neely, R.D. Neathammer, J.R. Stim, and R.P. Winkler, Building Component Maintenance and
Repair Data Base for Buildings: Electrical Systems, Special Report P-91/19 (USACERL, May 1991).
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Table 2

CACES No.: 031134 - Roll Roofing 031135 - Shingles

Labor Materials Equipment YR Labor Materials EquipmentHours $ Hours Hours $ Hours

0.0076 0.0165 0.0039 1 0.0024 0.0220 0.0013
0.0076 0.0165 0.0039 2 0.0024 0.0220 0.0013
0.0090 0.0165 0.0046 3 0.0026 0.0220 0.0014
0.0076 0.0165 0.0039 4 0.0024 0.0220 0.0013
0.0076 0.0165 0.0039 5 0.0032 0.0330 0.0017
0.0090 0.0165 0.0046 6 0.0026 0.0220 0.0014
0.0076 0.0165 0.0039 7 0.0024 0.0220 0.0013
0.0076 0.0165 0.0039 8 0.0024 0.0220 0.0013
0.0090 0.0165 0.0046 9 0.0026 0.0220 0.0014
0.0414 0.7496 0.0207 10 0.0032 0.0330 0.0017
0.0076 0.0165 0.0039 11 0.0024 0.0220 0.0013
0.0076 0.0165 0.0039 12 0.0026 0.0220 0.0014
0.0090 0.0165 0.0046 13 0.0024 0.0220 0.0013
0.0076 0.0165 0.0039 14 0.0024 0.0220 0.0013
0.0076 0.0165 0.0039 15 0.0034 0.0330 0.0018
0.0090 0.0165 0.0046 16 0.0024 0.0220 0.0013
0.0076 0.0165 0.0039 17 0.0024 0.0220 0.0013
0.0076 0.0165 0.0039 18 0.0026. 0.0220 0.0014
0.0090 0.0165 0.0046 19 0.0024 0.0220 0.0013
0.0414 0.7496 0.0207 20 0.0332 0.4675 0.0167
0.0076 0.0165 0.0039 21 0.0026 0.0220 0.0014
0.0076 0.0165 0.0039 22 0.0024 0.0220 0.0013
0.0090 0.0165 0.0046 23 0.0024 0.0220 0.0013
0.0076 0.0165 0.0039 24 0.0026 0.0220 0.0014
0.0076 0.0165 0.0039 25 0.0032 0.0330 0.0017

Building Maintenance and Repair Data for Life-Cycle Cost Analyses. Table 3 shows an example from
this data base. The data base is also available in electronic form. The first three resource columns
provide data to allow designers to calculate the life-cycle costs at any location by multiplying by the
correct labor rate, equipment rate, and material geographic factor. "he multiplication and addition have
been performed for the Military District of Washington, DC, and results are given in the fourth column
of the table. The right section of the table is information that can be entered into computer systems that
perform life-cycle cost analysis.

E.S. Neely, R.D. Neathammer. J.R. Stirn. and R.P. Winkler. Building Maintenance and Repair Data for Life-Cycle Cost
Analyses: Architectural Systems, Special Report P-91/17 (USACERL, May 1991); E.S. Neely, R.D. Neathammer, J.R.
Stirn. and R.P. Winkler, Building Maintenance and Repair Data for Lfe-Cycle Cost Analyses: Heating, Ventilation, and
Air-Conditioning Systems, Special Report P-91/20 (USACERL, May 1991), and E.S. Neely, R.D. Neathammer, J.R. Stim.
and R.P. Winkler. Building Maintenance and Repair Data for Life-Cycle Cost Analyses: Plumbing Systems, Special Report
P-91/24 (USACERL, May 1991).
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A fourth research product was a PC system that allows facilities to be modeled by entering the
components that comprise the facility. Future years resource predictions are produced by applying the
individual tasks and then for ling resource summaries by subsystems, systems. facilities. installations,
reporting installations, Major Commands (MACOMS) and Army. A simmary level computer system was
also developed for use by the Department of the Army (DA) and MACOMS. The summary level system
applies the most basic data contained in the current facility real property inventory files: (1) current
facility use. (2) floor area, and (3) c3fiitruction date. Users and systems manuals will be published as
USACERL ADP Reports.

Objective

The objective of this report is to describe the component summaries for electrical systems and give
examples for using these table, in performing the component during the design process.

Approach

The first activity in the research was to survey the literature for available maintenance data. No
comprehensive task resource data base was located. The Navy has developed a series of manuals dealing
with labor hours required to perform several baic maintenance tasks. This work has been adopted by the
Department of Defense (DOD) for tri-service use. A series of Technical Bulletins (TBs) under the general
title Engineered Performance Standards has been published.

The next activity was to survey USACE District offices to solicit their input for a data base. A
guiding committee composed of D,. alict personnel, installation representatives, and private sector
consultants met and agreed upon a general data base design. More importantly, they recommended that
the dita base be developed using the Engineered Performance Standards rather than historical data.

Once th data base was developed, component summaries were created by summing all tasks for
a component. These summaries were then input into a program that computed prnsent worth values for
each component.

The calculation procedures described in this report were performed and summarized for standard
Army life-cycle analysis of 25 years with a 7 or 10 percent present worth factor. Final results are
published in the USACERL Special report series Building Maintenance and Repair Data Base for Life-
Cycle Analxses.

Scope

The 25 year component resources summary tables are for DOD designers and can also be used by
those in the private sector.

Mode of Technoiegy Transfer

The tables pertinent to designer Lse will be issued as a supplement to Technical Manual (TM) 5-
802-1, Economic Studies for Military Construction Design--Applications.
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2 PROBLEM DEFINITION

In the facility life-cycle process, costs aic iticurred in construction, operation, maintenance, and
disposal of a facility. Past emphasis during the planning, design, and construction phases has been on
estimating initial construction costs. The impact of operating and maintaining facilities has always been
a secondary consideration. In many cases, the operation and maintenance (O&M) costs are far greater
than initial construction costs. Building owners are concerned with the total ownership costs of facilities
rather than just the initial construction costs.

The Army has realized the importance of performing total life-cycle cost analyses for facilities at
the design stage of accurately forecasting these costs for funds programming. HQUSACE asked
USACERL in 1980 to develop a method of estimating future maintenance costs for buildings. In 1982,
the programming branch of the former Facilities Engineering Directorate asked USACERL to develop
effective models for forecasting facility maintenance resource requirements based on the actual facility.

Life-cycle cost economic studies are an integral part of facility design in the MCA program.
Requirements for performing these studies are given in:

• Statutes, Code of Federal Regulations and Executive Orders for performing analyses when
energy is a key cost and for wastewater treatment plants

• USACE Architectural and Engineering Instructions: Design Criteria

" Army Regulation (AR) 11-28, Economic Analysis and Program Evaluation for Resource
Management for general economic analyses

" TM 5-802-1, Economic Studies for Military Construction Design--Applications

The main purpose of these studies is to minimize the life-cycle costs of Army facilities.

To perform life-cycle cost analyses on facility designs, three categories of costs are needed: initial,
operating, and maintenance. Initial costs are usually easy to estimate through existing cost estimating
systems such as the Corps of Engineers Computer Assisted Cost Estimating System (CACES) and standard
publications such as Means or Dodge. Operating costs can be estimated by using energy consumption
models such as the Corps of Engineers Building Loads Analysis and System Thermodynamics (BLAST)
program or the Trane Company's Trace program. However, accurate estimates of maintenance costs are
not available.

There are no comprehensive data bases of maintenance costs for building components either in the
private sector or State/Federal Governments. Some historical data is available from the Building Owners'
and Managers' Association reports. Within the Army, the Integrated Facilities System (IFS) contains some
historical data; however, it does not have a feature for retaining several types of a building component
(e.g., having brick and wood exteriors or three types of floor covering). Moreover, the data in IFS has
not been kept current. For example. at one installation several family housing units were shown as having
wood siding when, in fact, they had beer covered with aluminum siding several years earlier.

II



3 DATA BASE DEVELOPMENT

Introduction

Historical data within the Army and other agencies was reviewed to determine the availability of
accurate resource data. The best source of labor resource data was the Engineered Performance
Standards 6 adopted by DOD for use by all DOD agencies. The advisory committee decided to develop
a maintenance task data base using the Engineered Performance Standards as the basis for the labor
resources.

A typical building was subdivided into systems, sub-systems, and components. All maintenance,
repair and replacement tasks were listed for each component. The resources required to perform each task
were identified and the significance of the task resources discussed. Component summary tables listing
resources by component age were developed by combining all tasks that were scheduled to be performed
during each year. A summary of labor, material, and equipment requirements was given by component
age. Life-cycle costs analysis tables were created by applying discount fauturs to the resources given in
the component summary tables. The resulting tables can be used to perform life-cycle cost analysis.

Historical Data Review

Extensive research was performed during a 3-year period of reviewing the available historical data
at several installations. This research revealed that a large portion of the component replacement tasks
was not performed when replacement was required, due to lack of available funding, but was completed
several years later. Most replacements performed by contract were not entered into the corporate data
base. Most installations maintained few historical records because there was no Army regulation requiring
such records to be kept. When component replacement dates were available, the comparable component
installation or previous replacement dates were unknown, thus, accurate frequencies could not be
established.

The task description fields given for the tasks performed were often blank or the descriptions given
were very vague. Often several tasks were reported on one entry. Most entries gave a dollar cost but
provided very little information about labor hours, materials, and equipment hours. Discussions with
,crVice pc~sonnel revealed that the data recorded on the forms may not actually relate to the resources
required to perform the work.

In conclusion, all maintenance personnel interviewed stated clearly and emphatically that the current
historical data cannot be used to develop accurate resource predictions. This data is erroneous, incomplete,
and inaccurate.

Engineered Performance Standards

In 1955 the new use of maintenance management for public works and public utilities required that
a greater portion of maintenance work be planned and estimated. The general absence, however, of

6 Army Technical Bulletin 420-I through 420-51.
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adequate and reliable maintenance estimating data severely handicapped any increase in the number of
estimates, and, more seriously, the production of accurate estimates. About this time, the Department of
Defense directed that standards for work should be developed to the maximum feasible extent and applied
throughout the military establishment. As a result of that directive, Engineered Performance Standards
were developed.

The Navy undertook a large research program to perform time and motion studies of maintenance
persornel as they performed their maintenance tasks. After several years of effort, the Navy published
the results under the title "Engineered Performance Standards." Both Army and Air Force maintenance
personnel reviewed this set of manuals and adopted it for official use. Today, the Engineered Performance
Standards are used by all DOD agencies and are published as one set of reports carrying three different
publication numbers for the Army, Navy, and Air Force.

Committee Reviews

At the beginning of this research project HQUSACE and USACERL formed an advisory committee
composed of representatives from all offices involved in performing life-cycle cost analysis. The basic
objective of the advisory committee was to involve as many appropriate and knowledgeable people as
possible in deciding how to solve the M&R data base problem. The advisory committee reviewed the
historical information research results and the Engineered Performance Standards research program and
reports. After lengthy discussion of all possible altcrnatives, the advisory committee decided to develop
a maintenance task data base using the Engineered Performance Standards as the basis for the labor
resources. The advisory committee was active for the first two years of the project.

A second maintenance steering committee was formed that was composed of one representative from
each HQDA office involved in maintenance resource programming and planning, six major commands,
and ten installations. This maintenance steering committee had the same basic objective as the first
advisory committee. In addition, the steering committee wanted to use the data developed to predict actual
maintenance resource requirements at installations.

Building Subdivision

The UNIFORMAT method of dividing a building into systems, subsystems, and components was
adopted because it is used by all Federal construction agencies and many private organizations. Systems
requiring little maintenance such as foundations and superstructure were not considered.

The level of component detail was determined by the members of the maintenance steering
committee. This level varied, depending on the facility classification and the costs versus the benefit of
collecting and maintaining data. For example, in the typical building the steering committee voted to stop
at the door level and.not define hardware requirements because the hardware was not a costly item, but
for historcal family housing, where one hinge could cost two hundred dollars, all door hardware had to
be defined.

13



Task Data Development

A task is defined as the work performed by a single trade. Each task is divided into the labor,
material, and equipment resources required to perform the work. By separating the tasks in this manner
the data can also be used to determine manpower staffing requirements and equipment requirements.
The following procedures have been used to develop the tasks for this research project. Identical
procedures can be applied to develop new tasks not currently covered in the task data base.

The task development procedures can be demonstrated by using the existing task number 1131411,
MAINTENANCE AND REPAIR OF 175W MERCURY VAPOR LIGHT FIXTURE, shown in Table 1.
This task involves: removing and reinstalling the louver, one tube, ballast and testing the fixture.

In order to repair most light fixtures, the electrician must first gain access to the fixture by removing
the louver.

The first step is to obtain a copy of DA Pamphlet 25-30, Consolidated Index of Army Publications
and Blank Forms. A list of the current TBs covering Engineered Performance Standards (EPS) is given
in Appendix C. Review this list to determine which TBs seem to address the task to be developed. The
TBs can be obtained from your library or from:

Naval Publications and Forms Center
5801 Tabor Avenue

Philadelphia, PA 19120

Once the TBs are available, the second step is to review the Table of Contents of each to determine
if tasks related to the component are covered in the bulletin. If the tasks to be developed are covered by
the bulletin, review the tasks to determine if the data given can be applied to the task under development.
When tasks related to the new component tasks under development are not covered by EPS, other sources
such as estimating books and manuals, national standards, trade publications, and manufacturer data must
be researched. It is important to provide a complete list of such materials. A reference librarian can
provide resources addressing a specific component.

In order to repair most light fixtures, the worker must first gain access to the fixture by removing
the louver. One reference to this subtask is TB 420-6(PG 175), Task GT -307, -308, -309, Subtask 1,
remove and reinstall louver, as duplicated in Table 4. The labor rate is given as .00410/hr/fixture.

The next step "Remove plus reinstall one tube" can be found in TB 420-6(PG 175), Task GT -309,
Subtask 2. If we assume that a ladder will be needed, the labor rate will be .07120/hr/fixture.

TB 420-6 (PG 175) Task GT-309, Subtask 3, Lists the labor rate to remove old and reinstall new
ballast in florescent fixture as .03560, to remove and .34840 to reinstall. The total labor rate for subtask
3 would be .38400/hr/fixture.

The final task is to test the newly installed light fixture. TB 420-6(pg 175) Task GT -309 Subtask
4, shows the labor rate as .01410/hr/fixture.

The total direct labor hours to perform the entire job would be the sum of all subtasks, or .47340
hr/fixture. The indirect time or the time to plan the work, load the truck at the beginning of the day,
unload the truck at the end of the day, personal time, delay time, and material handling time must be
included to obtain the total onsite labor time. In EPS, this value is expressed as a percentage of the direct
labor. When all factors have been considered, the direct labor should be increased by 30 percent or
.14202 hr/fixture.
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Table 4

Task GT-309*

No. Reference Work Unit Description Hours Units

I PWG-18-VI Remove and install louver, glass or plastic diffuser .00410 Fixture

2 PWG-18-I1 Remove and reinstall I tube, including 2 fiber .02330 Fixture
locks, using ladder .04790 Fixture

3 PWMU-1-8374 Remove old and reinstall new ballast in flourescent .03560 Fixture
fixture .34840 Fixture

4 PWMU-1-8383 Test fixture .01410 Fixture

*GT-309 = .47340 Hrs Per Fixture

The steering committee wanted to apply the same material costs for all planning, programming,
design, construction, and operations activities. For this research project, all material costs were developed
using prices in the Washington, DC area. Material prices for exact locations throughout the world can
be obtained by multiplying the Washington, D.C. area costs by the appropriate location adjustment factor
published in a Programming, Administration, and Execution System (PAX) Newsletter under the title
"Area Cost Factor Indexes." A copy of the 22 September 1988 indexes are given in Appendix D,
Geographical Location Adjustment Factors. The CACES Unit Price Book for Region II dated July 1, 1985
has been used for all costs and can be obtained from the Corps District Cost Estimating Section.

In reviewing material prices, there will usually be many grades listed for the component in question.
Since only one entry for the component task will be made for the maintenance data base, it is important
to use the middle grade for pricing. This will produce an average material cost.

When materials are not given in the CACES manuals, other material pricing manuals, such as
Means, should be used to determine the cost.

The material cost for ballast, $50/ballast, was taken from Means Electrical Cost Data (p 191). Since
only one material is involved, the material cost for ballast equals total cost

The normal equipment cost is for a maintenance truck with all required tools such as ladders and
hand tools. The cost for the truck and equipment is usually based on task duration.

Task frequency determination is the most subjective area in the data base. Most frequencies must
be determined by the judgment of professional maintenance personnel with many years of experience in
performing the maintenance tasks. Some task frequencies are suggested by the manufacturer or
professional organizations. Some frequencies, such as for interior wall painting, are set by regulations.
There is very little published information in this area.
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The data base has been reviewed by ten installation Directorates of Engineering and Housing
(DEHs) and has been determined to accurately represent the resources required to perform the tasks. This
data base serves as the foundation for the tables published in this report. The complete data base is too
large to be. duplicated in this report, but is available in the USACERL Special Report series titled
Maintenance Task Data Base for Buildings.

The maintenance steering committee asked Forts Leonard Wood and Bragg to use the tasks to
produce resource estimates for the past 3 years and then compare the predictions with their actual
expenditures on a facility-by-facility basis. After this comparison was performed by both installations,
the results were presented to the steering committee. Both installations stated that they were not
performing all the tasks that they should, such as annual gutter cleaning and annual roof inspection. For
the total installation, the tasks predicted an 8 to 10 percent higher total expenditure than the actual
expenditure. This difference was due to the difference between the tasks predicted and actually performed.
When comparisons were made at the task level, the task resource predictions were found to be accurate.

Two additional reviews were performed by two independent organizations that had related research
work in the Army. The first review was for a research project to determine the maintenance requirements
for historical family housing within the Military District of Washington, DC. The second review was a
research project which needed an estimate of all resource requirements for the entire Army. This effort
is known as the RPLANS research project. Both organizations reviewed the data base in detail and
approved the resource requirements stated in the tasks. In addition, both used the data base within thcir
research projects.

Significance of the Task Data

The task data presented in the previous section is based on average resources. Actual resource
values for a particular project will vary as discussed below.

The labor hours reported will vary, depending on factors such as the actual productivity of the
workers, the weather conditions, and the working space available. The labor hours given in this report
are based on the average obtained from performing time and motion studies as tasks were performed.

The Washington, DC, material costs will vary, depending on factors such as the grade of material
actually used, the manufacturer, and the quantity of material actually purchased. The figures given are
the averages for all material prices found in the unit price books.

Task frequencies are the most subjective feature in the data base. High, average, and low frequency
values are given to emphasize the variances. Average frequencies are used in developing the life-cycle
analysis tables presented in the following sections.

Component Summary Tables

A typical component summary is shown in Table 2 (Chapter 1). The development process is
illustrated by using the labor resource for the Mercury Vapor 175W Light Fixture.
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All tasks related to the mercury vapor component are listed individually in Table 5, with a task
summary in Table 6. The task ?verage frequency is used to project times of occurrence of M&R tasks
for the first 25-year period as shown in Table 7.

The first task (Task 1 - 1131411 -Maintenance and Repair) has an average frequency (AVE FREQ
in Table 5) of 10.00 years; thus, it would be performed once every ten years. The labor hours (.615420
in Table 5) are listed for every ten years of the 25 years in the second column of Table 7.

The second task (Task 2 - 1131412 - Replacement of Lamp) has an average frequency from Table
5 of ten years; thus, it would be performed once every ten years. The labor hours (.068640 in Table 5)
are listed for the year 10 in ine third column of Table 7.

The third task (Task 3 - 1131413 - Replacement of Fixture) has an average frequency of 20 years,
thus it would be performed one time. (Note that tasks 1 and 2 would not be performed in year 20.) The
labor hours (.581620 in Table 5) are listed for the twentieth year in the fourth column of Table 7.

The total column in Table 7 is formed by adding the labor hours for tasks one through three on a
year-by-year basis. For example, during the tenth year, Tasks one and two, are performed. The total labor
hours would be .615420 and .068640 which equals .684060.

The total column in Table 7 is shown in Table 2, Typical Component Summary for Fixtures--
1131410. The material costs and equipment hours have been developed in the same manner as explained
for the labor hours.

Table 5

Tasks for a 175W Mercury Vapor Fixture

TAN DATA P=

Task Code: 1131411

uni t of :P o rOO . 2, A:W m

LTrum:cas , trlat *messirle
SLdlLJNW 421AHMm lm

lmr.me IOIipstoiA I,%.18 NNWIon941 Lu

2.ltlIVM AM ;l11rVALL. 1 1Q8 .OlO

3.EWW OLf/tEIUITALL ALLT 0.386M
.rEST FIXTi=$ 0.01410

Cape ts In This Took: 1131410
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Table 5 (Cont'd)

TASK DATA FORM

Task Code: 1131412

C ~ ,% U M IT 15. Sytas: LIGHTIG SYSTEM S&st: LIGHTING FIXTURES
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TAUK DATA PC

Took Cads: 1131413

Cc MERCURY VAPOF XT 1 t LiIn hYhI* hS~bystrn: LIGHTING FIXTURES
Task Desrip on: M

Persom we TeTOKOMn:3 D
Trade: _L Q08ICAL7TIT.

L~@ u mmaterial leeouecm

2.INTALL 01ITLET IM COMPLAT11 0.012MW
3. CUT LEMD IN @NAM TAM Elm 0.016Mi
4.0 ISASWW.E/RENM. FIXTMIn 0.000
S REoVE AND UNPACK PARTSa
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CawwuntS in This Task: 1 131410
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The component data base is not printed in this report because of its size. Component summary data tables
are published in the USACERL Special Report series titled Maintenance Component Data Base for Buildings.

Life-Cycle Cost Analysis Tables

The main purpose of this report is to provide the designer with easy-to-use tables for the most common life-
cycle cost analysis. USACE designers frequently perform life-cycle cost analysis for a 25-year period using a 7 or
10 percent discour,: rate shown in Tables 8 and 9. Two sets of summary tables have been generated for these cases
and are given in Appendices A and B. Table 3 shows typical life-cycle cost analysis data.

Present Worth. The left four columns of 'able 3, labeled "Present Worth of All 25-Year Maintenance and
Repair Costs," were developed by multiplying the resources in Table 2 by the 7 or 10 percent present worth factors
shown in Tables 8 and 9. The 25 individual year resource figures are totaled as shown for labor in Talez 7.

The 1988 Washington, DC area labor and equipment rates were applied to this data to produce the totals
shown in the column so titled. This column is given to provide one comparative cost figure for easy computation.
This column can be used to quickly assess the ranking of various components' total 25-year LCC.

Annual and High Cost. The right section of Table 3 is provided as input data for current life-cycle cost
analysis computer programs. Two types of input are usually required: (1) a uniform or annual maintenance figure
and (2) high-cost and replacement tasks that occur in specific years.

The data listed under the heading "Annual Maintenance and Repair" was generated by subtracting the present
worth of the replacement task, if its occurrence is 25 years or less, and any high-cost tasks from the present worth
values given in the "Present Worth" section of the table. The remaining present worth figures for the low-cost task
resources are divided by the cumulative 25-year present worth figure to arrive at the "uniform" or "annual"
maintenance figures shown under the "Annual Maintenance and Repair" heading.

There are two types of tasks listed under the heading "Replacement and High-Cost Tasks." The first is the
replacement task. The replacement task is shown on the same line as the component description. For example, the
replacement task for 175 Mercury Vapor Fixture, shown in Table 3 would occur when the fixture is 20 years old.
Replacement would require the expenditure of .58162 hours of labor unit, $134.62 of material per unit, and .58162
hours of equipment (maintenance truck) per unit. The second type of task is the high-cost task. Each high-cost task
is listed on a separate line below the component description line. There is no example of this here. High cost tasks
are figured in the same manner as replacement tasks.
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4 DATA BASE APPLICATION EXAMPLES

Introduction

This chapter is divided into two sections. The first section defines the terminology used in the
report and information needed to apply the labor hour, material cost and equipment hour resource data in
this report. The second section gives specific examples using both the 10 percent present worth tables
given in Appendix B and the 7 percent present worth tables given in Appendix A.

Terminology

Economic Studies

Two basic types of economic studies are covered in this report: (1) general economic studies and
(2) special energy-conservation studies.

General economic studies are conducted routinely as part of the design process for all military
facilities. Such studies are normally performed for a 25-year period using a 10 percent discount rate 2hd
considering tasks to be performed mid-year. The Beneficial Occupancy Date (BOD) occurs approximately
three years after the Date of Study (DOS) for most MILCON projects, and that assumed in the example.

Special economic studies for the design of energy-consuming portions of a building are required by
statute. Such studies analyze the use of extraordinary energy-saving design initiatives to conserve energy
in new Federal facilities. The studies are normally performed for a 25-ye ar period using a 7 percent
discount rate considering all tasks to be performed at the end of the year. The BOD is normally assumed
to occur on the DOS, in accordance with the provisions of the design criteria.

installation Labor Rates

To perform an accurate cost analysis, the current shop effective labor rates and equipment rates per
hour must be obtained from the installation. This information can be obtained from the DEH. Telephone
numbers for the DEH are listed in the "Director of Engineering and Housing/Facilities, Engineer
Assignments Roster" published yearly by the Office of the Chief of Engineers. Most installations maintain
this information within their IFS data base; it can be obtained from the IFS data base administrator within
the Management Engineering and Systems Branch.

Initial Costs

The in;tial construction costs can be obtained from the CACES Regional Unit Cost Manuals. The
manuals are available fr:m the district cost estimating section. When this manual is not available the cost
estimates can be taken from other publications such as Means and Dodge.

Geographical Location Adjustment Factors

The Washington, DC-based material costs in the summary tables can be adjusted to a specific
installation through the application of a geographical location adjustment factor. The factors are published
in AR 415-17 and updates are available through the PAX computer system (Area Cost Factor Newsletter)
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a:,i through the Engineering Improvement Recommendation System (EIRS) Bulletin. The 1988 set of
factors is given in Appendix D.

Inflation Factors

The material costs and Washington, DC, total costs presented in Appendices A and B are in July
1988 dollars. The costs need to be adjusted to the date of study by applying an approved inflation factor
obtained from the District cost estimating office.

Timing of Costs

Figure 1 shows the relationship of DOS, BOD, and the end of the study (EOS) which is assumed
to be a 25-year comparison period:

0

-3 -2 -1 .... 25

DOS BOD EOS

Figure 1. DOS, BOD, EOS relationship.

In Appendix B, costs are discounted 3 years from time of occurrence to DOS. M&R costs occur
throughout a year and are costed at mid-year in accordance with established criteria for MILCON design.
The basic present worth factor formula is:

PWF(BA) I_1
(I + DR) (B+BA-C) [Eq 11

where PWF = present worth factor
BA = building age
DR = discount rate
B = years from DOS to BOD
C = task placement, either .5 for mid-year, or 0 for end of year

The 10 percent present worth factor to bring costs from the mid-year of first year of occupancy to
the DOS is 1/(1.1) 3. = 0.7164 which is the first value in Table 10. If the DOS is not 3 years before BOD,
Appendix B data can be adjusted. For ex~unpie, if there is only 1 year between BOD and DOS (two less
than the 3 years in the appendices), multiply this data by (1.1)2. If there are 5 years (2 years more than
the 3 years in the appendices), divide by (1.1)2.

In Appendix A, the DOS and BOD are identical. M&R costs are assumed to occur at the end of
the year as stipulated by regulations. The basic formula is:

PWF(BA) = I
(I + DR) (BA) [Eq 21

where PWF = present worth factor
BA = building age
DR = discount rate
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Disposal Costs/Retention Value

When disposal costs/retention value is considered, it should be expressed as a percentage of the
initial cost occurring at the end of the study period. The present worth of this value can be subtracted
from the final net present worth.

Examples

Introduction

This section contains one example for each of the basic uses for this life-cycle cost data. The first
example demonstrates the procedures for calculating LCC for construction and maintenance and repair
data when the DOS is exactly 3 years before the BOD: the building is 25 years old at the end of the study
and installation resource costs are available from the installation. The second example demonstrates the
procedures for calculating LCC for construction and maintenance and repair data when resource costs are
not available from the installation and Washington, DC, cost data is to be applied. Examples 3 and 4
show how to adjust data to cover the case for which BOD is not 3 years after DOS. Example 5 shows
how to use the data to generate input for other computer programs. Example 6 demonstrates the use for
a project containing an extraordinary energy-saving design initiative to conserve energy.

Each example is presented in five sections:

1. Statement of the problem.

2. Identification of all installation-related information.

3. Identification of all component-related information.

4. Description of the present worth calculations.

5. A typical calculation worksheet.

Example 1: BOD 3 Years After DOS--175W Mercury Vapor Fixture

Problem Statement. This example demonstrates all steps using a system of ten mercury vapor
fixtures. An apartment building for family housing is under design at Fort Eustis, VA. The DOS is July
1989. The projected BOD is July 1992. A 25-year life-cycle cost analysis using a 10 percent discount
rate is required.

Installation-Related Data.

Geographic Location Adjustment Factor. The geographic location adjustment factor (LAF) can be
obtained from the latest EIRS bulletin or from the Area Cost Factor Newsletter on the PAX computer
system, as shown in Appendix D. The factors are indexed by state and then by location within the state.
From Appendix D, for Virginia and Fort Eustis, the geographic LAF (or Area Cost Factor [ACF] Index)
is 0.96.
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Inflation. The cost data in Appendix B is expressed in July 1988 dollars. Since the date of the
study is July 1989, all cost figures must be adjusted. A telephone conversation with a District cost
estimator has revealed that the costs have risen 2 percent from July 1988 to July 1989. This means that
all costs need to be multiplied by a 1.02 cost adjustment factor.

Resource Rates. The labor and equipment resources in Appendix B are expressed in hours per unit
measure. To obtain accurate cost figures the designer called the Fort Eustis DEH-ME branch. The July
1989 rates of $13.50 per hour for an electrician and $3.00 per hour for an electrician maintenance truck
were obtained.

Component Information.

Size. The designer is considering a system of ten mercury vapor fixtures.

Initial Costs. The designer obtained a CACES unit price manual from the cost estimator. For the
mercury vapor fixture component, a cost of $134.62 per unit was obtained. (Note: if the component is
not found in the CACES Unit Price Manual, other books such as Means and Dodge can be used.)

Retention Value. The average life of a mercury vapor fixture is 20 years for the replacement task
in Appendix B. At the end of the 25-year analysis period, the mercury vapor fixture would still ha'e
fifteen years of life remaining or 15/20 = 75 percent of its useful life. The retention value can be
considered to be 75 percent of the initial cost of $134.62 per unit, or $100.965/per unit.

Present Worth Calculations. Three factors must be considered when performing a present worth
calculation: initial cost, maintenance costs, and retention value. Each factor is discussed below.

Initial Costs. The average construction project would normally be completed in one year. The
contractor normally receives progress payments for work completed throughout the construction period.
The initial cost of $134.62/per unit is assumed to occur at the midpoint of construction during the year
before BOD. The present worth factor at midyear for the year before BOD is given in Table 9 as 0.7880.
The present worth of the initial cost would be the initial cost multiplied by the present worth factor at
BOD or $134.62/unit x 0.7880 = $106.08/unit.

$134.62 x $0.7880 = $106.08/unit [Eq 2]

25-Year Maintenance Cost. The total 25-year maintenance cost is composed of three parts: labor,
material, and equipment. Labor costs per unit are equal to the labor hours per unit obtained from
Appendix B, multiplied by the installation labor hourly rate. This would be .27593 hr/unit multiplied by
a labor rate of $13.50/hr, which is equal to $3.72506/unit.

Labor = .27593 hours/unit x $13.50/hr = $3.72506/unit [Eq 31

Material costs per unit are equal to the material dollars in Washington, DC, base per unit obtained
from Appendix B, multiplied by the geographic LAF from Appendix D and then multiplied by the
inflation factor. This would be $40.56016 DC-based dollars per unit multiplied by a geographic LAF of
0.96 and a cost escalation factor (CEF) of 1.02 which is equal to $39.71651/unit.

Material = $40.56016/unit x 0.96 x 1.02 = $39.71651/unit [Eq 4]
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Equipment costs per unit are equal to the equipment hours per unit obtained from Appendix B,
multiplied by the installation equipment hourly rate. This would be .27593 hr/unit multiplied by an
equipment rate of $3.00/hr which is equal to $.82779/unit.

Equipment = .27593. hr/unit x $3.00/hr = $.82779/unit [Eq 5]

The total maintenance cost per unit would be the labor cost ($3.72506/unit) plus the material cost
($39.71651/unit) plus the equipment cost ($.82779/unit) or $44.27/unit.

Total = $3.72506/unit+ $39.71651/unit + $.82779/unit = $44.27/unit [Eq 61

This total has already been discounted to the DOS since all figures on the left side of the table in
Appendix B are expressed in terms of the DOS.

Retention Value. The DOS present worth for the retention value would be the expected retention
value of $100.965/unit multiplied by the end-of-year present worth factor for the end of study year (EOS)
obtained from Table 9, 0.06930, which produces a cost of $7.00/unit.

Total Life Cycle Cost for Construction and Maintenance and Repair. The total life-cycle cost (LCC)
per unit for the DOS is the sum of the present worth costs for the initial cost of $106.08/unit plus the 25-
year maintenance cost of $44.26936Anit minus the retention value of $7.00/unit.

Total LCC = $106.08 + $44.27 - $7.00/unit = $143.35/unit [Eq 7]

The total dollar cost would be the LCC per unit of $143.35 multiplied by the 10 units producing
a total cost of $1433.50.

Calculation Sheet. A typical calculation sheet is shown in Table 10.

Example 2: BOD 3 Years After DOS -- Washington, DC Rate Applied

Problem Statement. This example demonstrates all steps using a system of ten mercury vapor
fixtures. An apartment building for family housing is under design at Fort Eustis, VA. The DOS is July
1989. The projected BOD is July 1992, three years after DOS. A 25-year life-cycle cost analysis using
a 10 percent mid-year discount rate is required.

The designer wishes to perform a rougn cost estimate without calling the installation to obtain cost
information. It should be understood that the installation's costs may vary significantly from the
Washington, DC, costs and the rough calculations may be misleading. However, if the designer is going
to compare several types of fixtures such as mercury vapor, metal halide, and flourescent all of which
involve the identical trade such as an electrician-he comparisons may be quite accurate.

Installation-Related Data.

Geographic Location Adjustment Factor. The geographic LAF can be obtained from the latest EIRS
bulletin or from the Area Cost Factor Newsletter on the PAX computer system as shown in Appendix D.
The factors are indexed by state and then by location within the state. From Appendix D, for Virginia
and Fort Eustis, the geographic LAF (or ACF Index) is 0.96.
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Table 10

Calculation Sheet - Example I

Calculation Subfactor Factor Total
Column Cost/Unit Cost/Unit Cost

Initial Cost
Initia1 CsL $134.62/unit
PWF for BOD-1 x .7880

Initial cost/unit $106.08

25-Year Maintenance Cost

PW - Labor .27593 hr/unit
Labor Rate x $13.50/hr

Labor cost/unit $3.73
PW - Material $40.56016/unit
LAF x .96
CEF x 1.02

Material cost/unit $39.72
PW - Equipment .27593 hr/unit
Equipment Rate x $3.00/hr
Equipment cost/unit $.83
Maintenance cost/unit $44.28

Retention Value
Initial Cost $134.62/unit
Remaining Life x .75
PWF for EOS x .06930
Retention Value cost/unit -$7.00

Life Cycle Cost/unit $143.35
Unit x 10 unit
Total Life Cycle Cost $1433.50

Inflation. The cost data in Appendix B is expressed in July 1988 dollars. Since the DOS is July
1989, all cost figures must be adjusted. A telephone conversation with a District cost estimator has
revealed that the costs have risen 2 percent from July 1988 to July 1989. This means that all costs need
to be multiplied by a 1.02 cost adjustment factor.

Resource Rates. The designer wishes to perform a rough calculation using the Washington, DC,

labor and equipment rates rather than calling the installation.

Component Information.

Size. The designer is considering a system of ten mercury vapor fixtures.
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Initial Costs. The designer obtained a CACES Unit Price Manual from the cost estimator. For the
mercury vapor fixture component, a cost figure of $134.62/unit was obtained. (Note: if the component
is not found in the CACES Unit Price Manual, other books such as Means and Dodge can be used.)

Retention Value. The average life of a mercury vapor fixture unit is 20 years, as shown for the
replacement task in Appendix B. At the end of the 25-year analysis period, the unit would still have 15
years of life remaining or 15/20 = 75 percent of its useful life. The retention value can be considered to
be 75 percent of the initial cost of $134.62/per unit or $100.965/per unit.

Present Worth Calculations. Three factors need to be considered when performing a present worth
calculation: initial cost, maintenance costs, and retention value. Each factor is discussed below.

Initial Costs. The average construction project would normally be completed in one year. The
contractor normally receives progress payments for work completed throughout the construction period.
The initial cost of $134.62/per unit is assumed to occur at the midpoint of construction during the year
before BOD. The present worth factor at midyear for the year before BOD is given in Table 9 as 0.7880.
The present worth of the initial cost would be the initial cost multiplied by the present worth factor at
BOD or $134.62/unit x 0.7880 = $106.08/unit.

25-Year Maintenance Cost. The total 25-year maintenance cost for Fort Eustis can be calculated by
taking the Washington, DC, total cost per unit, $47.64, and multiplying by the location adjustment factor
(0.96) producing a cost of $45.73/unit.

Retention Value. The DOS present worth for the retention value would be the expected retention
value of $100.965/ unit multiplied by the end of year present worth factor for the EOD obtained from
Table 10, 0.06930, which produces a cost of $7.00/unit.

Total LCC for Construction and Maintenance and Repair. The total LCC per unit for the DOS is
the sum of the present worth costs for the initial cost of $106.08/unit plus the 25-year maintenance cost
of $45.73/unit minus the salvage value of $7.00/unit.

Total LCC = $106.08/unit + $45.73/unit - $7.00/unit = $144.81/unit [Eq 13]

The total dollar cost would be the LCC per unit, $144.81, multiplied by the number of units, 10,
units, producing a total cost of $1448.10.

Calculation Sheet. A typical calculation sheet is shown in Table 11.

Example 3: DOS Less Than 3 Years Before BOD

Perform the calculations as shown in Examples I through 3. The answers are lower than the actual
DOS answers. The calculated values must be adjusted by multiplying by the formula:

(i + DR)t11Al [Eq 14]

where DR = discount rate
3 = years between DOS and BOD given in the tables
A = actual years between DOS and BOD
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For example, using the answer of $1433.50 in Example 1 and assuming 1 year between BOD and
DOS with discount rate = 10% (0.10), the formula would be (1.10)3.1) = (1.1) 2 = 1.21. The correct
answer would be $1433.50 x 1.21 = $1734.51

Example 4: DOS Greater Than 3 Years Before BOD

Perform the calculation as shown in Examples 1 and 2. The answers are larger than the actual DOS
answers. The calculated values must be adjusted by dividing by the formula:

(1 + DR)(A'3) [Eq 15]

where DR = discount rate
3 = years between DOS and BOD given in the tables
A = actual years between DOS and BOD

For example, using the answer of $1433.50 in Example 1 and assuming 5 years between BOD and
DOS with d = 10% (0.10), the formula would be (1.10) (5- ) = (1.10)( ) = 1.21. The correct answer would
be $1433.50 + 1.21 = $1184.71.

Table 11

Calculation Sheet - Example 2

Calculation Subfactor Factor Total
Column Cost/Unit CostfUnit Cost

Initial Cost

Initial Cost $134.62/unit
PWF for BOD x .7880
Initial Cost/unit $106.08/unit

25-Year Maintenance Cost

PW Total $47.64/unit
LAF x .96
Maintenance Cost/unit $45.73/unit

Retention Value
Initial Cost $134.62/unit
Remaining Life x .75
PWF for EOS x .06930

Retention value/unit -7.00/unit
Life Cycle cost/unit $144.81
Units x 10 units
Total Life Cycle Cost $1448.10

31



Example 5: Computer Input--BOD 3 Years After DOS Mercury Vapor

Problem Statement. This example demonstrates all steps using a system of ten mercury vapor
fixtures. An apartment building for family housing is under design at Fort Eustis, VA. The BOD is July
1992. The DOS is 3 years before BOD or July 1989. A 25-year LCC analysis using a 10 percent
discount rate is required. A computer program, such as the Corps' LCCID, that requires an annual
maintenance figure and high cost tasks will be used.

Installation Related Data.

Geographic Location Adjustment Factor. The LAF can be obtained from the latest EIRS bulletin
or from the Area Cost Factor Newsletter on the PAX computer system as shown in Appendix D. The
factors are indexed by state and then by location within the state. From Appendix D, for Virginia and
Fort Eustis, the geographic LAF (or ACF Index) is 0.96.

Inflation. The cost data in Appendix B is expressed in July 1988 dollars. Since the DOS is July
1989, all cost figures must be adjusted. A telephone conversation with a District cost estimator has
revealed that the costs have risen 2 percent from July 1988 to July 1989. This means that all material
costs need to be multiplied by a 1.02 cost adjustment factor.

Resource Rates. The labor and equipment resources in Appendix B are expressed in hours per unit
measure. To obtain accurate cost figures the designer called the Fort Eustis DEH-MES branch. The July
1989 rates of $13.50/hr for an electrician and $3.00/hr for a maintenance truck were obtained.

Comonent Information.

Size. The designer is considering a system of ten mercury vapors.

Initial Costs. The designer obtained a CACES Unit Price Manual from the cost estimator. By look-
ing up the mercury vapors component, a cost of $134.62/per unit was obtained. (Note: if the component
is not found in the CACES Unit Price Manual, other books such as Means and Dodge can be used.)

Retention Value. The average life of a mercury vapors is 20 years, as shown for the replacement
table in Appendix B. At the end of the 25-year analysis period, the mercury vapor fixture would still have
15 years of life remaining or 15/20 = 75 percent of its useful life. The retention value can be considered
to be 75 percent of the initial cost of $134.62/unit, or $100.97/unit.

. Data Entry Calculations. Four factors need to be considered when performing a present worth
calculation: initial cost, annual maintenance costs, high costs, and retention value. Each factor is
discussed below.

Initial Costs. The initial cost of $134.62/unit is estimated from CACES as discussed above.

25-Year Maintenance Cost. The total annual 25-year maintenance cost is composed of three parts:
labor, material, and equipment. Annual labor costs per unit is equal to the labor hours per units obtained
from Appendix B, multiplied by the installation labor hourly rate. This would be .02905 hr/unit/yr multi-
plied by a labor rate of $13.50/hr, which is equal to $.39218/unit.

Labor = .02905 hr/unit/yr x $13.50/hr = $.39218/unit/yr [Eq 16]
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Annual material costs per unit is equal to the material dollars in Washington, DC, base units obtained
from Appendix B, multiplied by the geographic LAF from Appendix D, and then multiplied by the
inflation factor. This would be $3.46673 DC-based dollars per unit multiplied by a geographic LAF of
0.96 and a CEF of 1.02, or $3.39462/per unit.

Material = $3.46673/unit/yr x 0.96 x 1.02 = $3.39/unit/yr [Eq 17]

Annual equipment costs per unit is equal to the equipment hours per unit obtained from Appendix
B, multiplied by the installation equipment hourly rate. This would be .02905 hr/units multiplied by an
equipment rate of $3.00/hr, which is equal to $.08715/units.

Equipment = .02905 hr/unit/yr x $3.00/hr = $.08715/unit/yr [Eq 18]

The total annual maintenance cost per unit would be the labor cost ($.39268/unit) plus the material
cost ($3.39/unit), plus the equipment cost ($.08715/unit) or $3.88/unit

Total: $.39268/unit/yr + $3.39/unit/yr + $.08715/unit/yr = $3.88/unit/yr [Eq 191

The total cost figure for the uniform maintenance cost for computer entry is obtained by multiplying
the total of $3.88 by the ten units, resulting in an annual cost of $38.80.

Replacement/High Cost Tasks. There are no high-cost tasks for mercury vapor fixtures.

Replacement Task. The maintenance cost is composed of three parts: labor, material, and equipment.
Labor costs per unit is equal to the labor hours per units obtained from Appendix
B, multiplied by the installation labor hourly rate. This would be .58162 hr/unit/yr multiplied by a labor
rate of $13.50/hr, which is equal to $7.85.

Labor = .58162 hr/unit/yr x $13.50/hr = $7.85/unit/yr [Eq 16]

Material costs per unit is equal to the material dollars in Washington, DC, base units obtained from
Appendix B, multiplied by the geographic LAF from Appendix D, and then multiplied by the inflation
factor. This would be $134.62000 DC-based dollars per unit multiplied by a geographic LAF of 0.96 and
a CEF of 1.02, or $131.82 per unit.

Material = $134.62000/unit/yr x 0.96 x 1.02 = $131.82 [Eq 17]

Equipment costs per unit is equal to the equipment hours per unit obtained from Appendix B,
multiplied by the installation equipment hourly rate. This would be .58162 hr/units multiplied by an
equipment rate of $3.00/hr, which is equal to $1.74/units.

Equipment = .58162 hr/unit/yr x $3.00/hr = $1.74/unit/yr [Eq 18]

The replacement cost per unit would be the labor cost (7.85/unit) plus the material cost
($134.62/unit), plus the equipment cost ($1.74/unit) or $144.22/unit.

Total: $7.85/unit/yr + $134.62/unit/yr + $1.74/unit/yr = $144.22 [Eq 191
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Table 12

Calculation Sheet - Example 5

ANNUAL MAINTENANCE

Calculation Subfactor Factor
Column Cost/Unit Cost/Unit

Initial Cost
Initial Cost/unit $134.62/unit
Unit x 10 unit

Initial Cost $1346.20

25-Year Annual ,,4aintenance
Labor hours/per unit .02905 hr/unit
Labor Rate x $13.50/hr

Labor cost/per unit $.39218/unit
Material/per unit $3.46673/unit
AF x .96
CEF x 1.02

Material cost/unit 3.39
Equipment .02905 hr/unit
Equipment Rate x $3.00/hr
Equipment cost/unit $.08715/unit

Annual Maintenance/unit $ 3.88
Units x 10 units
TOTAL Annual Maintenance $38.80

Replacement Task
Labor hours/per unit .58162 hr/unit
Labor Rate x $13.50/hr
Labor cost/per unit $7.85

Material/per unit 134.62000
AF x .96
CEF x 1.02

Material cost/unit 131.82
Equipment .58162 hr/unit
Equipment Rate x $3.00/hr
Equipment cost/unit $1.74

Total Replacement/unit $144.22
Units x 10 units
TOTAL Reolacement $1442.20

Retention Value
Initial Cost $134.62/unit
Remaining Life x .75
Retention Value $100.97/unit
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Example 6: Extraordinary Energy-Saving Design Initiatives-Mercury Vapor Fixture

Problem Statement. This example demonstrates all steps involved in using the summary tables in
Appendix A. for the conventional mercury vapor fixture alternative. An apartment building for family
housing is under design at Fort Eustis, VA. The designers are considering the use of a new-technology
energy conserving, low maintenance unit. They will determine if it is more cost effective on the basis of
a life-cycle cost analysis. The system contains ten mercury vapor units. The DOS is July 1989. The
analysis period is 25 years. In accordance with established criteria for energy-conservation studies, the
BOD is assumed to occur on the DOS (July 1989); all costs are assumed to occur at the end of the year
in which they are projected to occur, and the discount rate for the present worth calculations is assumed
to be seven percent.

Installation Related Data.

Geographic Location Adjustment Factor. The geographic LAF can be obtained from the latest EIRS
bulletin or from the Area Cost Factor Newsletter on the PAX computer system as shown in Appendix D.
The factors are indexed by state and then by location within the state. From Appendix D, for Virginia
and Fort Eustis, the geographic LAF (or ACF Index) is 0.96.

Inflation. The cost data in Appendix A is expressed in July 1988 dollars. Since the DOS is July
1989, all cost figures must be adjusted. A telephone conversation with a District cost estimator has
revealed that the costs have risen 2 percent from July 1988 to July 1989. This means that all costs need
to be multiplied by a 1.02 cost adjustment factor.

Resource Rates: The labor and equipment resources in Appendix B are expressed in hours per unit
measure. To obtain accurate cost figures, the designer called the Fort Eustis DEH-MES branch. The July
1989 rates of $13.50 per hour for a electrician and $3.00 per hour for a maintenance truck were obtained.

Comoonent Information.

Size. The designer is considering a system of ten mercury vapor fixtures.

Initial Costs. The designer obtained a CACES Unit Price Manual from the cost estimator. For the
mercury vapor fixture component a cost figure of $134.62/unit was obtained. (Note: if the component
is not found in the CACES Unit Price Manual, other books such as Means and Dodge can be used.)

Retention Value. The average life of a mercury vapor fixture is 20 years as shown for the
replacement task in Appendix B. At the end of the 25-year analysis period, the mercury vapor fixture
would still have 15 years of life remaining or 15/20 = 75 percent of its useful life. The retention value
can be considered to be 75 percent of the initial cost of $134.62/unit or $100.965/unit.

Present Worth Calculations. The following factors are considered in performing the present worth
calculation: initial cost, maintenance costs, and retention value. Each factor is discussed below.

Initial Costs. The initial cost of $134.62/unit is assumed to occur on the BOD/DOS in accordance
with established criteria for energy conservation studies.

25-Year Maintenance Cost. The total 25-year maintenance cost is composed of three parts: labor,
material, and equipment. Labor costs per unit is equal to the labor hours per units obtained from
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Appendix A multiplied by the installation labor hourly rate. This would be .49800 hr/unit multiplied by

a labor rate of $13.50/hr which is equal to $6.72/unit.

Labor = .49800 hours/units x $13.50/hour = $6.72/unit [Eq 24]

Material costs per unit are equal to the material dollars in Washington, DC, base per unit obtained
from Appendix A multiplied by the geographic LAF from Appendix D and then multiplied by the inflation
factor. This would be $76.27325 DC-based dollars per unit multiplied by a geographic LAF of 0.96 and
a CEF of 1.02, which is equal to $74.69/unit.

Material = $76.27325/unit x 0.96 x 1.02 = $74.69/unit [Eq 25]

Equipment costs per unit are equal to the equipment hours per unit obtained from Appendix A
multiplied by the installation equipment hourly rate. This would be .49800 hr/unit multiplied by an
equipment rate of $3.00/hr, which is equal to $1.49/unit.

Equipment = .49800 hr/unit x $3.00/hr = $1.49/unit [Eq 261

The total maintenance cost per unit would be the labor cost ($6.72/unit) plus the material cost
($74.69/unit) plus the equipment cost ($1.49/unit) or $82.90/unit.

Total = $6.72/unit + $74.69/unit + $1.49/unit = $82.90/unit [Eq 27]

This total has already been discounted to the date of study since all figures on the left side of the
table in the Appendix are expressed in terms of the DOS.

Retention Value. The DOS present worth for the retention value would be the expected retention
value of $100.965/unit multiplied by the end of year present worth factor for the EOD of .1842 obtained
from Table 9 which produces a cost of $18.60/unit.

Total Life Cycle Cost for Construction and Maintenance and Repair. The total LCC per unit for the
DOS is the sum of the present worth costs for the initial cost of $134.62/unit plus the 25-year maintenance
cost of $82.90/unit minus the retention value of $18.60/unit.

Total LCC = $134.62/unit + $82.90/unit - $18.60/unit = $198.92/unit [Eq 28]

The total dollar cost would be the LCC per unit of $198.92 multiplied by the ten units producing a
total cost of $1989.20.

Calculation Sheet. A typical calculation sheet is shown in Table 13.
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Table 13

Calculation Sheet - Example 6

Calculation Subfactor Factor Total
Column Cost/Unit Cost/Unit Cost

Initial Cost
Initial Cost $134.62/unit

25 Year Maintenance Cost

PW - Labor .49800 hr/unit
Labor Rate x $13.50/hr

Labor cost/unit $6.72/unit
PW - Material $76.27325/unit
LAF x .96
CEF x 1.02

Material cost/unit $74.69/unit
PW - Equipment .49800 hr/unit
Equipment Rate x $3.00/hr

Equipment cost/unit $1.49/unit
Maintenance cost/unit $82.90/unit

Retention Value
Initial Cost $134.62/unit
Remaining Life x .75
PWF for EOS x.1842

Retention value/unit - 18.60/unit
Life Cycle Cost/unit $198.92/unit
Units x 10 unit
TOTAL Life Cycle Cost $1989.20
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LIST OF ACRONYMS

ACE Assistant Chief of Engineers

AMS Army Management System

APC Account Processing Code

AR Army Regulation

ARR Annual Requirements Report

ASTM American Society for Testing and Materials

BLAST Building Loads Analysis and System Thermodynamics

BMAR Backlog of Maintenance and Repair

CA Commercial Activities

CACES Computer-Assisted Cost Estimating System

CONUS Continental United States

DA Department of the Army

DEH Directorate of Engineering and Housing

DOD Department of Defense

EA Economic Analysis

EPS Engineered Performance Standards

HQ-IFS Headquarters - Integrated Facilities System

HQDA Headquarters Department of the Army

IFS Integrated Facilities System

Ho Individual Job Order

LCC Life-Cycle Cost

LCCID Life-Cycle Cost in Design

M&R Maintenance and Repair

MACOM Major Command
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MCA Military Construction, Army

MRPM Maintenance Resource Prediction Model

OCE Office of the Chief of Engineers

PAVER Pavement Maintenance Management System

PC Personal Computer

PM Preventive Maintenance

R&D Research and Development

RAM Random Access Memory

RMF Recurring Maintenance Factor

RPI Real Property Inventory

RPLANS Real Property Planning System

RPMS Real Property Management System

SO Service Order

STANFINS Standard Army Financial System

TB Technical Bulletin

URR Unconstrained Requirements Report

USACE U.S. Army Corps of Engineers

USACERL U.S. Army Construction Engineering Research Laboratory

USAEHSC U.S. Army Engineering and Housing Support Center
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APPENDIX A:

LIFE-CYCLE COST ANALYSIS (7 PERCENT)
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Notes

1. The resources listed in this table are as of the Date of Study (DOS) and have been calculated using
a present worth discount factor (d) of 7 percent. The Date of Study (DOS) is the Beneficial Occupancy
Date (BOD). All tasks are assumed to occur at the end of the year. All resources have been assumed to
be constant with no differential escalation from year to year.

2. Component Description - This column contains an indented list of systems, subsystems, components,
and high cost task descriptions.

3. Unit of Measure (UM) - This column contains a two-character code to indicate the measurement unit
for the component. Units used in this column are as follows:

CT Count
LF Linear Foot
SF Square Foot
TF Thousands of Linear Feet

4. Labor - Labor resources can be used in one of two ways: (1) labor hours per unit of measure, or (2)
dollars per unit of measure assuming a $1.00/hr labor rate.

5. Materials - Material resources are expressed in dollars per unit of measure in July 1988 dollars for the
Washington, DC, area.

6. Equipment - Equipment resources can be used in one of two ways: (1) equipment hours per unit of
measure, or (2) dollars per unit of measure assuming a $1.00/hr equipment rate.

7. Washington, DC, Total - The dollars per unit of measure figures were calculated by applying the
Military District of Washington labor and equipment rates to the labor and equipment resources, then
adding the labor, material, and equipment costs together to form one total cost figure.

8. Year (YR) - This column contains the average age of the component when the high cost task or
replacement task would be performed.

9. Engineered Performance Standards (EPS) - Most labor and equipment resource data is based on the
DOD series of Technical Bulletins as discussed in the body of the report.
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APPENDIX B:

LIFE-CYCLE COST ANALYSIS (10 PERCENT)
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Notes

1. The resources listed in this table are as of the Date of Study (DOS) and have been calculated using
a discount rate (d) of 10 percent. The Date of Study (DOS) is 3 years before the Beneficial Occupancy
Date (BOD). All tasks are assumed to occur at mid-year. All resources have been assumed to be constant
with no differential escalation from year to year.

2. Component Description - This column contains an indented list of systems, subsystems, components,
and high cost task descriptions.

3. Unit of Measure (UM) - This column contains a two-character code to indicate the measurement unit
for the component. Units used in this column are as follows:

CT Count
LF Linear Foot
SF Square Foot
TF Thousands of Linear Feet

4. Labor - Labor resources can be used in one of two ways: (1) labor hours per unit of measure, or (2)
dollars per unit of measure assuming a $1.00/hr labor rate.

5. Materials - Material resources are expressed in dollars per unit of measure in July 1988 dollars for the
Washington, DC, area.

6. Equipment - Equipment resources can be used in one of two ways: (1) equipment hours per unit of
measure, or (2) dollars per unit of measure assuming a $1.00/hr equipment rate.

7. Washington, DC, Total - The dollars per unit of measure figures were calculated by applying the
Military District of Washington labor and equipment rates to the labor and equipment resources, then
adding the labor, material, and equipment costs together to form one total cost figure.

8. Year (YR) - This column contains the average age of the component when the high-cost task or
replacement task would be performed.

9. Engineered Performance Standards (EPS) - Most labor and equipment resource data is based on the
DOD series of Technical Bulletins as discussed in the body of the report.
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APPENDIX C:

TECHNICAL BULLETIN INDEX FOR ENGINEERED PERFORMANCE STANDARDS

TB No. Date Title

TB 420-1 5 Oct 72 Engineered Performance Standards Public Works Maintenance: Engineers
Manual (NAVDOCKS P-700.0)

TB 420-2 5 Oct 72 Engineered Performance Standards Public Works Maintenance: General
Handbook (NAVDOCKS P-701.0)

TB 420-3 5 Oct 72 Engineered Performance Standards Public Works Maintenance: General
Formulas

TB 420-4 1 Mar 82 Tri-Service Coordination of the Carpenry Handbook

TB 420-5 5 Oct 72 Engineered Performance Standaids Public Works Maintenance: Carpentry
Formulas

TB 420-6 1 Feb 82 Tri-Service Coordination of the Electric, Electronic Handbook

TB 420-7 5 Oct 72 Engineered Performance O.',ndards Public Works Maintenance: Electric,
Electronic Formulas

TB 420-8 1 Feb 82 Tri-Service Coordination of the Heating, Cooling and Ventilating
Handbook

TB 420-9 5 Oct 72 Engineered Performance Standards Public Works Maintenance: Heating,
Cooling, Ventilating Formulas

TB 420-10 1 Apr 81 Engineered Performance Standards Real Property Maintenance Activities
Janitorial Handbook

TB 420-11 5 Oct 72 Engineered Performance Standards Public Works Maintenance: Janitorial
Formulas

TB 420-12 1 Apr 83 Engineered Performance Standards Real Property Maintenance Activities
Machine Shop, Machine Repairs Handbook

TB 420-13 5 Oct 72 Engineered Performance S _idards Public Works Maintenance: Machine
Shop and Repairs Formulas

TB 420-14 Sep 80 Engineered Performance Standards Real Property Maintenance Activities:
Masonry Handbook

TB 420-15 5 Oct 72 Engineered Performance Standards Public Works Maintenance: Masonry
Formulas
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TB 420-16 1 Apr 81 Engineered Performance Standards Real Property Maintenance Activities:
Moving, Rigging Handbook

TB 420-17 5 Oct 72 Engineered Performance Standards Public Works Maintenance: Moving,
Rigging Formulas

TB 420-18 1 Nov 78 Engineered Performance Standards Real Property Maintenance Activities:
Paint Handbook

TB 420-19 5 Oct 72 Engineered Pertormance Standards Public Works Maintenance: Paint
Formulas

TB 420-20 1 Aug 83 Engineered Performance Standards Real Property Maintenance Activities:
Pipefitting, Plumbing Handbook

TB 420-21 5 Oct 72 Engineered Performance Standards Public Works Maintenance:
Pipefitting, Plumbing Formulas

TB 420-22 1 Sep 80 Engineered Performance Standards Public Works Maintenance: Roads,
Grounds, Pest Control, Refuse Collection Handbook

TB 420-24 1 Mar 84 Engineered Performance Standards Real Property Maintenance Activities:
Sheet Metal, Structural Iron and Welding Handbook

TB 420-25 5 Oct 72 Engineered Performance Standards Public Works Maintenance: Sheet
Metal, Structural Iron and Welding Handbook

TB 420-26 1 Nov 79 Engineered Performance Standards Real Property Maintenance Activities:
Trackage Handbook

TB 420-27 5 Oct 72 Engineered Prformance Standards Public Works Maintenance: Trackage
Formulas

TB 420-28 1 Nov 79 Engineered Performance Standards Real Property Maintenance Activities:
Wharfbuilding Handbook

TB 420-29 5 Oct 72 Engineered Performance Standards Public Works Maintenance:
Wharfbuilding Formulas

TB 420-30 1 Aug 79 Engineered Performance Standards Real Property Maintenance Activities:
Emergency/Service Handbook

TB 420-31 1 Dec 73 Engineered Performance Standards Real Property Maintenance Activities:
Planner and Estimator's Workbook (Instructor's Manual) (S&I OCE)

TB 420-32 1 Mar 80 Engineered Performance Standards Real Property Maintenance Activities:
Planner and Estimator's Workbook, Student's Manual
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TB 420-33 1 Aug 83 Engineered Performance Standards Real Property Maintenance Activities:
Unit Price Standards Handbook

TB 420-34 1 Mar 84 Engineered Performance Standards Real Property Maintenance Activities:
Preventive/Recurring Maintenance Handbook

TB 420-35 1 Apr 81 Tri-Service Coordination of the Moving, Rigging Handbook

TB 420-51 30 Oct 73 Engineered Performance Standards Public Works Maintenance: Facilities
Engineering Management of Maintenance Painting of Facilities
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APPENDIX D:

GEOGRAPHICAL LOCATION ADJUSTMENT FACTORS

State Loca tion ACF index

Alabama State Average .86
Birmingham .96
Mobile .86

Montgomery .76
Anniston Army Depot .81
Huntsville .88
Fort McClellan .80
Redstone Arsenal .88
Fort Rucker .80

Alaska State Average 2.25

Anchorage 1.92
Delta Junction 2.70
Fairbanks 2.13
Adak 3.88
Aleutian Islands 3.86
Anchorage NSGA 1.92
Barrow 4.18
Burnt Mtn. 6.86
Clear 3.10
Eielson AFB 2.13
Elmendorf AFB 1.92
Galena 3.73
Fort Greely 2.70
Fort Richardson 1.92
Fort Wainwright 2.13

Arizona State Average L.02
Flagstaff 1.02
Phoenix .99
Tucson 1.05
Fort Huachuca L.22
Yuma Proving Ground 1.31
Yuma 1.31

Arkansas State Average .89
Pinebluff .93
Little Rock .83
Fort Smith .92
Fort Chaffee .92
Pine Bluff Arsenal .93

California State Average 1.21
Los Angeles 1.20
San D!igo 1.18
San Francisco 1.25
Beale 1.28
Bridgeport NWTC 1.27
Castle 1.13

Centerville Bach 1.32

Desert Area L.18

Edwards AFB 1.30
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State Location ACF Index

CaLifornia (Cont'd) El Centro 1. 27
George AFB 1.31
Fort Hunter Liggett 1.29
Fort Irwin 1.20
Le Moore NAS L.20
March AFB L. 18
Mather AFB 1.17
McClellan AFB L.17
Monterey Area 1.23
Presidio of Monterey L.23
Norton AFB 1.L6
Oakland Army Base 1.33
Fort Ord 1.24
Port Huenema Area 1.20
Riverside 1.18
Sacramento L.L5
Sacramento Army Depot 1.15
Presidio of San Francisco 1.25
San Nicholas Island 2.59
Sharpe Army Depot 1.13
Sierra Army Depot 1.33
S tock ton 1.15
Travis AB 1.27
Vandenburg A !B 1.38

Colorado State Average .98
Colorado Springs .,94
Denver 1.04
Pueblo .96
Fort Carson 1.01
Fi tzaimmons AMC 1.06
Pueblo Anny Depot .96
Peterson APB .94
Rocky Mountain Arsenal 1.06

Connecticut State Averagd 1.13
Bridgeport 1.16
Hartford 1.10
New London 1.14

Delaware State Average .99
Dover 1.04
Lewes .98
Mi Iford .96
Lewes MF 1.04
Dover AF5 1.04

District of Columbia Washington 1.03
Fort McNair 1.03
Walter Reed AMC 1.03

Florida S tate Average .89
Miami .95
Panama City .92
Tampa .79
Cape Canaveral .96
Cape Kennedy .96
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S a e Loca tion ACF Index

Florida (Cont'd) Gulf Coast .85
Homestead AFB .88
Homes tead .88
Jacksonville Area .85
Key West NAS 1.08
Or lando .80
Pensacola Area .85
McDiLl AFB .77
Eglin AFB .77
Tyndall AFB .92

Georgia State Average .80
Albany .82
Atlanta .87
Macon .70
Athens .90
Atlanta-Marie tta .93
Fort Beanning .71
Co lumbus .71
Fort Gillem .87
Fort Gordon .94
Kings Bay .93
Fort McPherson .87
Fort Stewart .84

Hawaii State Average 1.28
Hawaii 1.29
Honolulu 1.27
Maui 1.29
Alimanu 1.27
Barbas Point NAS 1.34
Fort Debussy 1.27
EWA Beach Area 1.34
He Lemano 1.34
Hickam Army Air Field 1.27
Kaneohe HCAS 1.34
Moana lua 1.27
Pearl City 1.27
Pearl Harbor 1.27
Pohakuloa 1.32
Schofield Barracks 1.27
Fort Shafter 1.27
Tripler AMC 1.27
Wheeler Army Air Field 1.34

Ida ho S ta te Ave rage 1.11
Boise 1.05
Idaho Falls 1.08
mountain Hon .19
Mountain Home AFS 1.20

Illinois State Average 1.03
Belleville .96
Chicago 1.09
Rock Island 1.03
Rock Island Arsenal 1.06
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S ta te Loca tion ACF Index

Il.linois (Cont'd) St. Louis Support Ctr .96
Savannah Army Depot 1.05
Scott AFB L.03
Fort Sheridan L.10

Indiana State Average .99
Indianapo lis 1.03
Loganspor t .99
Madison .94
Fort Benjamin Harrison 1.07
Crane 1.10
Crane AAP I.LO
Grissom AFB 1.06
Indiana AAP L.OZ
Jefferson Proving Ground .94

Iowa State Average L.02
Burlington L.04
Cedar Rapids .98
Des Moines 1.05
Iowa AAP 1.06

Kansas Stato Average .94
Manhattan .97
Topeka .96
Wichita .88
Kansas AAP .94
Fort Leavenworth .94
Fort Riley .97
Sunflower AAP .97

Ken tucky State Average .96
Bowling Gree .99
Lexington .96
Louisvi l le .93
Fort Campbell .93
Fort Knox .99
Lexington/Bluegrass Army Depot L.06
Louisville HAS .93

Louisiana State Average .92
Alexandria .87
Hew Orleans .94
Shreveport .94
Barkadale AFI .94
England AFB .87
Gulf Outport Hew Orleans .94
Louisiana AAP .94
Fort Polk .94

Maine State Average .93
Bangor .85
Caribou .99
Portland .94
Brunswick .93
Cutler .98
Northern Area 1.17
Winter Harbor .98
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Sta.te Loca tion ACF Index

Maryland State Average .97
Ba timore .95
Fredrick .94
Lexington Park 1.01
Aberdeen Proving Ground .4
Annapo lis 1.03
Fort Detrick .94
Harry Diamond Lab 1.00
Fort Meade .95
Patuxent River Area 1.08
Fort Ritchie .90

Massachusetts State Average L.10
Boa ton 1.13
Fi tchburg 1.08
Springfield 1.08
Army Mtls & Mech Research Ctr 1.13
Fort Devenus 1.15
Natick Research & Development Ctr L.13
South Weymouth 1. 3

Michigan State Average 1.06
Bay City 1.02
Detroit 1. 14
Marque tte 1.03
Detroit Arsenal 1.14
Northern Area 1.25
Republic (Elfcom) 1.10
Selfridge AF 1.14

Minnesota State Average 1.08
Duluth 1.05
Minneapolis 1.09
St. Cloud 1.10
Twin Cities AAP 1.09

Mississippi State Average .84
Biloxi .87
Columbus .81
Jackson .84
Columbus AFS .81
Gulfport Area .87
Meridian .92

Missouri S ta te Average .92
Kansas City .92
St. Louis .99
Rolla .85
Lake City AAP .93
Fort Leonard Wood .91

Montana State Average 1.L5
Billings 1.15
Butte 1.18
Great Falls 1.12
Malastrom AF? 1.12

Nebraska State Average 1.03
Grand Island 1.00
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State Location ACF Index

Nebraska (Cont'd) Lincoln 1.05
Oma ha 1.05
Offutt AFB L.05

Nevada State Average L.8
Hawthorne 1.26
Las Vegas L.13
Reno 1.15
Fallon 1.28
Hawthorne AAP 1.26
Nellis AFB 1.13

New Hampshire State Average 1.09
Concord 1.06
Nashua 1.06
Portsmouth .14
Cold Regions Lab 1.17

New Jersey State Average 1.08
Newark 1.L1
Red Bank 1.08
Tren ton 1.06
.Bayonne .10
Bayonne Mil Ocean Term 1.09
Fort Dix 1.03
Earle 1.10
Lakehurst 1.05
Fort Monmouth L.09
Picatinny Arsenal 1.20

New Mexico State Average 1.03
Alamogordo .99
Albuquerque 1.03
Gallup 1.06
Hiolloman AFS 1.05
Kirtland AB 1.03
White Sands Missile Range 1.09
Fort Vingate 1.06

New York S tat Average 1.12
Albany 1.07
New York City 1.24
Syracuse 1.05
Brooklyn 1.24
Fort Drum 1.18
Fort Hamilton 1.24
Seneca Army Depot 1.15
U.S. Military Academy 1.17
We tervlie t Arsena 1 1.07

North Carolina State Average .76
Fayettevil le .76
Greensboro .75
Wilmington .78
Fort Bragg .76
Camp Lejeune Area .86
Cherry Point .86

Goldsboro .77
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S ta te Loca tlion ACF Index

North Carolina (Contd) Pope AFB .82
Seymour AFB .77
Sunny Point Kil Ocean Term .78

North Dakota State Average L.03
Bismarck 1.02
Grand Forks .98
Mino t 1. 10
Grand Forks AFB .98
Stanley R. Hicklesen CPX L.03
Minot AFB 1.L2

Ohio State Average 1.00
Columbus 1.03
Day ton .98
Youngs town .99
Cleveland 1.14
Wright-Patterson AFB .98

Oklahoma State Average .93
Law ton .90
McAlester .91
Oklahoma City .98
Altus AFB .94
Enid t.0l
McAlester AAP .91
Fort Sill .90

Oregon S tate Average 1.05
Pendle ton 1.08
Portland 1.07
Sales .99
Charleston l. Ll
Coos Head 1.08
Umatilla Army Depot L.18

Pennsylvania State Average 1.00
Harrisburg .9l
Philadelphia 1.05
Pittsburgh 1.04
earlt:-'--- Barlas',s .93

New Cumberland Army Depot .91
Fort Indiantown Gap 1.07
Letterkenny Army Depot 1.07
Mechanicsburg Area .91
Tobyhanna Army Depot 1.14
Warminster Area 1.04

Rhode Island State Average 1. 1
Bristol l. 13
Nevpor t 1. 11
Providence l. 10
Devisville 1. l7

South Carolina State Average .82
Charles ton .8l
Co lumbia .82
Myrtle Beach .84
Beaufort Area .89
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S tate Loca tion ACF index

South Carolina (Cont'd) Charleston AFB .31
Fort Jackson .82

Sumter .80
South Dakota. State Average .95

Aberdeen *95
Sioux Falls .94
Rapid City .96
Ellsworth AFB .98

Tennessee State Average .84
Cha ttanooga .36
Kingsport .72
Memphis .95
Arnold AFB .90
Milan AAP .98
Holston AAP .71

Texas State Average .85
San Angelo .76
San Antonio .86
Fort Worth %93
Fort Bliss .96
Carswell APB .93
Chase Field - Beeville .97
Corpus Christi Army Depot .92
Corpus Christi .92
Dallas .93
Dyess APB .94
Fort Hood .89
Kingsvl lle .99
Red River Army Depot .78
Fort Sam Houston .86
William Beaumont AMC .96
Bergstrom APB .95
Brooks AFB .86
Randolph AiB .86
Kelly A?! .86
Lackland AFB .86

Utah State Average 1.03
Ogden 1.05
Salt Lake City 1.00
Tooele 1.06
Dugway Proving Ground 1.03
Hill APB 1.07
Tooale Army Depot 1.05

Vermont State Average .99
Burlington 1.00
Montpe lier 1.00
Rutland .96

Virginia State Average .95.
Norfolk .95
Radford .95
Richmond ,94
Arlington 1.04
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State Location ACF Index

Virginia (Cont'd) Arlington Hall Station 1.04
Arlington National Cemetery 1.04
Fort BeLvoir 1.04
Cameron Station 1.04
Dahlgren 1.10
Fort Eustis .96
Humphreys Engineer Center 1.03
Fort A. P. HiU .92
Fort Lee .93
Fort Monroe .94
Fort Myer 1.03
Norfolk-Newport News Area .95

Fort Pickett .98
Quantico 1.03
Nadford AAP 1.02
Port Story .95
Vint Hill Farms Station 1.08

Washington State Average 1.09
Spokane 1.08
Tacoma .07
Yakima 1.11
Fairchild AFB 1.13
Jim Creek 1.34
Fort Lewis L.07
Pacific Beach 1.27
Puget Sound Area 1.15
Seattle Area 1.12
Widbey Island 1.12
Yakima Firing Center 1.18

West Virginia State Average .95
Bluefield .92
Clarksburg .95
Charles ton .99
Sugar Grove 1.15

Wisconsin State Average 1.06
LaCrosse 1.04
Madison 1.02
Mi lwaukee 1.13
Badger AAP 1.06
Clam Lake 1.20
Fort McCoy 1.11

Wyoming State Average 1.08
Ca sper 1.07
Cheyenne 1.10
La ramie 1.08

F. E. Warren AFB 1.10
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